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ABSTRACT
INTRODUCTION: Swedish firefighters are a part of the emergency medical services. Therefore, they perform 
prehospital cardiopulmonary resuscitation (CPR) on a regular basis. Training becomes crucial for maintaining 
the CPR skills and increasing the patients’ chances of survival. Training with visual feedback is for Swedish 
firefighters a new way of training CPR. The aim of this study was to evaluate firefighters’ perception of a CPR 
manikin with visual feedback.
METHOD: This study had a qualitative approach. Data were collected by interviews with 16 firefighters after 
performing CPR on a manikin with visual feedback. The data were analyzed with a manifest content analysis.
RESULTS: Visual feedback makes it easy to identify and maintain correct compression rate. There is a need for 
identifying too deep compressions. Uncertainty regarding the closeness to the stomach arises when using 
the whole hand during compressions instead of just the wrist. To accomplish an open airway requires a bit 
of adjustment of the manikins’ head.
DISCUSSION: To train and learn CPR is feasible with visual feedback. The firefighters can maintaing a correct 
compression rate and correct compression depth during the sessions. Ventilating a patient with bag-valve-
mask or pocket mask may require training with visual feedback to guarantee the firefighters being able to 
secure an open airway of the patient. All these skills are essential and improve the chance of survival for 
the patients.
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INTRODUCTION & AIMS
The Swedish emergency medical service (EMS) 
includes ambulance, fire brigade and to some ex-
tent police. The ambulance is responsible for the 
prehospital emergency care and the fire brigade 
assist in any way possible. All firefighters, both 
full-time and part-time employees, have a medical 
education and meet the requirements to work as 
a Basic Emergency Medical Technicians (B-EMT). 
All fire trucks are equipped with medical sup-
plies and automated external defibrillators (AED). 
The CPR is performed accordingly to European 
Resuscitation Council Guidelines for Resuscita-
tion [1, 2]. CPR comprise of chest compressions 
performed at a depth of 5-6 centimeters with 
a rate of 100−120 compressions per minute. Ven-
tilation consists in inflating patient’s chest with 
air volumes of 400−700 milliliter within 1 sec-
ond. The chest compression-ventilation ratio is 
30:2 [1]. Ventilation of the patient is conducted 
by the Swedish firefighters using pocket masks or 
bag masks.
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Prior research has shown that shorter EMS re-
sponse time might increase the survival of patients 
suffering from out-of-hospital cardiac arrest (OHCA) 
[3]. In Sweden, the dual dispatch of ambulance and 
firefighters in OHCA have significantly reduced re-
sponse times and therefore, it significantly increased 
survival rate of patients suffering from OHCA [4, 5]. 
The quality of the CPR is important for the pa-
tient’s chance of survival. The rescuer may have 
a good CPR technique but lack a feeling for correct 
compression rate and depth. Not being exposed to 
OHCA cases can become a barrier for EMS staff to 
maintain their resuscitation competency. Lack of CPR 
training has also been identified as a barrier for the 
EMS staff [6].
Therefore, training is essential for maintaining 
CPR skills. Firefighters seldomly perform CPR in 
a calm environment but rather in a chaotic, emer-
gency situation at the scene of an accident. The 
training should be adapted to the different situa-
tions the rescuers work in [7, 8].
Receiving feedback of CPR improves CPR quality 
[9]. Training with visual feedback may help partici-
pants to create muscle memory for how a high-qual-
ity CPR should feel. The training in this study was 
performed with a new type of manikin providing 
visual feedback consisting of lights indicating the 
CPR quality. This study was performed in order to 
further tailor the CPR education and training for the 
fire department.
The aim of the study was to evaluate firefighters’ 
perception of a CPR manikin with visual feedback.
METHODS
This study had a qualitative design. The participants 
consisted of 16 firefighters, all with EMT training, 
15 males and 1 female. Data were collected during 
a schedule CPR practice. A Brayden Pro® manikin 
(Innosonian Europe) was used. The participants per-
formed CPR for two minutes on the manikin with 
the visual light as feedback of the CPR quality. Par-
ticipants did not get any feedback on their perfor-
mance from the instructor. After CPR, the firefighters 
were asked to describe how they had perceived the 
CPR manikin with visual feedback.
DATA ANALYSIS
A methodological approach using manifest con-
tent analysis was followed [10]. In this approach, 
words and meaning expressed in the interviews 
were analyzed in three steps; preparation, organiza-
tion and presentation. In the preparation step, the 
entire material was repeatedly read to get a deeper 
understanding of the text. In the second step, or-
ganization, meaning-bearing units were identified 
and then coded and sorted into categories based 
on differences and similarities. In the final step, 
presentation, the analysis process and results were 
thoroughly described [10]. 
The relevance of the result in this study has been 
verified by the correlation between the aim of the re-
search and the categories [10]. This verification also 
enhanced credibility and transparency of the study 
[11]. The validity was strengthened by the text anal-
ysis performed in a systematic and replicable way 
[10]. The phenomenon in this study, firefighters’ 
perception of a CPR manikin with visual feedback, 
has been presented in a profound way.
ETHICAL CONSIDERATIONS
The study followed the ethical principals in accord-
ance with the World Medical Association about an-
onymity, integrity and maintaining of public confi-
dence [12]. An ethics approval was obtained from 
the Federal General Manager of Fire and Rescue Ser-
vices. The participants were informed of the study 
before being asked to consent. Informed consent 
was obtained from each participant. 
RESULTS 
Compression rate
In this study, chest compressions were considered 
easy to perform on the manikin. The participants 
described that it was easy to identify and main-
tain a compression rate within the correct CPR lim-
its. Maintaining the compression rate was described 
as easy partly due to the patient-like feeling of the 
resistance in the manikin’s torso and also partly due 
to the lights continuously indicating correct or incor-
rect compression rate.
Some participants described that the force need-
ed for accomplishing compressions was perceived 
as somewhat low. This resulted in the feeling of the 
compression rate being performed slower than it 
actually was. The lights were therefore described as 
a good way to get feedback by the continuous indi-
cation of a correct compression rate. Some partici-
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pants described that they were uncertain whether to 
increase or decrease the compression rate without 
getting visual feedback. The manikin weight was 
lower than that of a person. It was therefore visible 
that it slid away from the participants when they 
performed compressions.
Compression depth
Regarding the depth of the compressions, the need 
for an indicator was pointed out to identify when 
the compressions were too deep.
Hand position
Compressions with a whole hand instead of the 
wrist were in this study described to give a better 
result of the hand position. However, the placement 
of the hands was considered to be indifferent to the 
manikin’s torso. Sometimes the participants noticed 
that they were close to the manikin’s stomach and 
still got an acceptable result for hand position.
Ventilation 
The experience of ventilating the patient was de-
scribed as positive. The airways and the lungs were 
easily expanded to a volume of 400−700 ml dur-
ing the insufflation when the airway was open. 
The manikin was described as resembling a patient 
when it came to clearing and maintaining an open 
airway. To accomplish an open airway of the manikin 
it required a bit of adjustment for the participants. It 
emerged how important it was to position the head 
in a correct position to establish an open airway and 
to successfully ventilate the patient.
DISCUSSION
Compression rate 
Regarding the compression rate, the range of 
100−120 compressions per minute is considered 
the optimal zone for survival of the patient [13] 
and therefore, essential to maintain. Identifying and 
maintaining the compression rate was in this study 
described as easy due to the light continuously in-
dicating the correct compression rate. In contrast, 
Alves et al. shows how 80% of the firefighters in 
their study failed to maintain the compression rate 
of 100-120 per minute without any feedback de-
vices [14]. The importance of maintaining the com-
pression rate within 100−120 is due to the interde-
pendent relationship between compression rate and 
depth. As the rate increases, the depth decreases 
resulting in an impaired CPR quality [13].
The manikin was seen to slide away from the 
participants when they performed compres-
sions. Regardless whether the manikin or the pa-
tient is placed on the slippery ground or not, when 
rescuers are distracted in some way, it has a negative 
effect on the quality of chest compression, in terms 
of its rate [15]. It is therefore important to place the 
patient on solid ground when performing CPR while 
waiting for the ambulance stretcher.
Compression depth
In the result, the participants expressed the need 
to identify when the compressions were too deep. 
Cheskes et al. describes how compression depth of-
ten exceeds 6 cm in a prehospital setting [16]. On 
the contrary, Stiell et al. describes how compressions 
are more likely to be too shallow when performed in 
a prehospital setting [17]. Regardless, previous stud-
ies have shown how an increased compression depth 
improves the likelihood of a favorable outcome for 
the patient [17−19]. The depth of the compression 
affects the increase in intrathoracic pressure and in 
turn lets the blood flow from the heart and great 
vessels to the systemic circulation [18].
Hand position
The placement of the hands was in this study con-
sidered to be indifferent to the manikin’s torso. 
There are comparative studies evaluating resusci-
tation with hand position on the lower part of the 
sternum and on the center of the sternum [20, 21]. 
These studies have not presented any conclusive 
results though. According to Kleinman et al., the 
rescuer’s hand position will alter the mechanics of 
the compressions and in turn also affect the CPR 
quality [18]. This may also be a recording error in 
these kinds of studies. In a study of Truszewski et al., 
different feedback devices result in as much as 23% 
difference when compared regarding correct hand 
placement and the effect of the CPR quality [22].
Ventilation 
The manikin resembled a patient in regard to clear-
ing and maintaining an open airway. It required 
a bit of adjustment of the manikins’ airways. To 
secure an open airway is essential for the Swedish 
firefighter since they use bag-valve-mask or pocket 
mask. This use of bag-valve-mask or pocket mask 
ventilation can be compared to other EMS where 
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EMT`s use i-gel or other types of supraglottic devic-
es [23]. Studies show how staff at basic EMT level 
successfully places various models of supraglottic 
devices [23, 24]. But there is always a risk in using 
a supraglottic device since failure in securing the air-
way is associated with a prolonged hands-off chest 
time during the CPR [25]. Kim et al. study also shows 
how the use of an airway device prolongs time at 
the scene [26].
CONCLUSIONS
To identify and maintain compression rate within 
correct CPR limits is essential for the survival of the 
patient. Feedback through lights continuously in-
dicates a correct compression rate. It also ensures 
a correct compression depth-to-rate ratio. The need 
to identify too deep compressions was pointed out. 
Using the whole hand as opposed to the wrist gave 
better results. This may create doubts as to wheth-
er the compressions are performed on a too low 
part of the sternum. With a manikin that imitates 
a human being, creating and maintaining an open 
airway becomes a natural act.
LIMITATIONS
One limitation of this study is that it does not 
address the situation of resuscitation termination, 
it only addresses the skill regarding CPR. CPR is 
often performed in a situation that includes kin 
or bystanders. The firefighters must deal with life 
and death situations in the most challenging situ-
ations. The fact that ethical aspects of performing 
CPR are not at all comprised in this research is 
a clear limitation.
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